INTRODUCTION
============

Vitiligo is a common pigmentary disorder, which has profound psychological consequences and negative impact on the psychological well-being and social interactions of the patients.^[@r1]^ Many studies across decades and all over the world have attempted to illustrate the pathogenesis behind it; however, the pathogenesis of vitiligo remains elusive.^[@r2]^

Among different types of vitiligo, melanocyte loss is now widely believed to be an autoimmune process, and one of the strongest factors supporting an autoimmune origin of vitiligo vulgaris is its epidemiological association with other autoimmune diseases.^[@r3],[@r4]^

Many theories have been put forward, among which the autoimmune theory is the most popular one. In addition, many studies have indicated a role for both cellular and humoral immunity in the pathogenesis of vitiligo.^[@r3]^

Cellular immunity is known to have a role in the pathogenesis of vitiligo. Both helper and cytotoxic T cells promote a T-helper (Th)1 response with secretion of tumor necrosis factor (TNF)-α and interferon (IFN)-γ.^[@r5]^ Macrophage infiltration has also been found in vitiligo lesions, with increased numbers present in perilesional skin.^[@r3]^

Macrophage migration inhibitory factor (MIF) is a critical pluripotent cytokine. It has been re-evaluated as a proinflammatory cytokine, pituitary hormone and glucocorticoid-induced immunoregulatory protein. It can exert its action by many pathways including CD74/CD44 receptor complex, CXCR4 and CXCR2.^[@r6]^ MIF collects macrophages at inflammation sites, conversely, macrophages and T cells are the primary source of MIF. Extensive studies have shown that MIF has a critical role in innate and adaptive immunity.^[@r7],[@r8]^

Macrophage migration inhibitory factor (MIF) is known to be involved in immune-mediated disorders, and may also play a pivotal role in many autoimmune skin diseases, such as systemic lupus erythematosus, systemic sclerosis and atopic dermatitis.^[@r7],[@r9]^ Autoimmunity has a role in the etiology of vitiligo, and cellular immunity is also implicated in the pathogenesis of the disease. So, MIF may have a role in the pathogenesis of vitiligo. However, this role of MIF in vitiligo is currently not well known and only few studies investigated this issue.

Therefore, we aimed to investigate the serum levels of MIF and MIF mRNA expression in patients with vitiligo in comparison with healthy controls. We also aimed to determine whether there is any relationship between MIF serum and/or MIF mRNA levels with vitiligo duration, clinical type and severity in those patients, hoping to shed light on the hypothesized role of MIF in the etiopathogenesis of vitiligo.

METHODS
=======

This case-control study was carried out on 50 vitiligo patients with different degrees of severity. They were selected from the Dermatology Outpatient clinic, Menoufia University hospital, between October 2014 and October 2015. In addition, 15 age- and gender-matched healthy volunteers were included as controls.

Inclusion criteria:-Newly diagnosed cases of vitiligo.-Any patient should stop topical (2 weeks) and systemic (1 month) treatment for his/her vitiligo before joining the study.

Exclusion criteria:- Subjects having autoimmmune / inflammatory diseases.- Subjects with current infection or immunosuppression.- Pregnant or lactating women.

Each individual in the study signed a written consent form approved by The Committee of Human Rights in Research of Menoufia University.

All participants in the study were subjected to:

**1-Thorough history taking**, stressing on onset, duration and family history of vitiligo.

**2-Complete clinical examination:**

**general examination**, to detect any excluding factor**dermatological examination**, to evaluate the vitiligo and to assess its severity based on VASI score.

**3- Measurement of the serum levels of MIF protein:**

From every participant, 5 ml of venous blood were obtained in the morning between 8:00 and 9:00 am after an overnight fast, under complete aseptic condition. From those 5ml, 2ml were put in plain tube and allowed to clot then centrifuged at 4000 r.p.m for 10 min, and the separated sera were stored at -80°C till timing for serologic testing. Serum level of MIF was measured using enzyme linked immunosorbant assay (ELISA) technique by Boster\'s human MIF ELISA Kit following the manufacturer\'s instructions (Boster Immunoleader, Boster Biological Technology Co., Ltd.).

**4-Gene expression Analysis of Macrophage Migration Inhibitory Factor (MIF):** ^[@r10]^

RNA isolation: The other 3ml of the collected 5ml venous blood were collected in EDTA tube. Total RNA was extracted from whole blood (collected in EDTA tube) by GeneJET Whole Blood RNA Purification Mini Kit (Thermo scientific), according to the manufacturer\'s protocol. RNA samples were stored at -20 until analysis. The concentration of RNA was determined by measuring its absorbance at 260nm (A260). Absorbance readings should be greater than 0.15 to ensure significance. The ratio between the absorbance value at 260 and 280nm (A260 /A280) gives an estimate of RNA purity. (A260 / A280) ratio greater than 1.6 was accepted. Two-step RT-PCR was done as follows: For reverse transcription step, a reverse transcriptase kit (SensiFAST cDNA synthesis kit, Bioline Reagents Ltd, United Kingdom) was used for complementary DNA (cDNA) synthesis on 2720 thermal cycler (Singapore). For cDNA synthesis, RNA (10µl) was reverse transcribed in a final volume of 20µl containing 1µl of reverse transcriptase enzyme, 4µl of 5x TransAmp buffer and 5µl of DNase/RNase free water. The samples were incubated at 25ºC for 10 min (primer annealing), and 42ºC for 15 min (reverse transcription). Reverse transcriptase was then inactivated by heating at 85ºC for 5 min. All products were stored at -20ºC till the next step. For cDNA amplification: A relative quantitation of MIF mRNA expression normalized to the endogenous reference gene β-actin was performed by real-time reverse transcription PCR (RT-PCR), using the 2x SensiFAST™ SYBR^®^ Lo ROX Kit (Bioline Reagents Ltd.), on Applied Biosystems 7500 Real-Time PCR System. MIF primers were: 5\'-ACCAGCTCATGGCCTTCG-\'3 (forward) and 5\'- CTTGCTGTAGGAGCGGTT- 3\' (reverse). β-actin was used as an endogenous reference with primers: 5\'-AGTTGCGTTACACCCTTTCTTG-3\' (forward) and 5\'- TCACCTTCACCGTTCCAGTTT-3\' (reverse). The PCR reaction mixture (final volume, 25µl) contained 12.5µl of 2x SensiFAST™ SYBR^®^ Lo ROX Master Mix, 1 µl of each primer (Sigma), 5.5µl of DNase/RNase free water and 5µl of cDNA. Thermocycling conditions were 10 min at 95ºC, followed by 45 cycles at 95ºC for 15 sec, and 60ºC for 1 min. For relative quantification of the results obtained by RT-PCR; the comparative cycle threshold (Ct) method was used. Analysis was performed using Applied Biosystems7500, software version 2.0.1.The melting curves of MIF and β-actin are shown in [graph 1](#f1){ref-type="fig"}.

Graph 1Amplification plot of MIF and β-actin (ΔRn vs. Cycle)

Statistical analysis
--------------------

The data were collected, entered and processed on IBMPC compatible computer using SPSS software (version 20.0) (SPSS Inc., Chicago, U.S). Two types of statistics were done; the descriptive methods (for example, mean and standard deviations for normal continuous variables, median and range for non-normal continuous variables and frequencies and percentages for categorical variables) and analytic statistics: e.g. Mann Whitney U test, a non-parametric test used to compare two quantitative not normally distributed. Spearman correlation test (rho) to assess correlation between two continuous quantitative variables not normally distributed . p-value ≤ 0.05 was considered statistically significant.

RESULTS
=======

**-Demographic and clinical data:**

This study was conducted on 50 patients with vitiligo, they were 20 males (40%) and 30 females (60%), with a male-to-female ratio of 2:3. Their age ranged between 5 to 70 years with 40.58±18.04 as a mean value and 48 as a median ([Table 1](#t1){ref-type="table"}). Forty-one cases presented with generalized vitiligo (82%) while 9 cases with localized vitiligo (18%). The duration of the disease ranged between 1 month to 40 years with a mean of 12.30±10.88 years and 10 years as a median. Family history of vitiligo was positive in 12 cases (24%). The age of onset was from 4 to 59 years with 28.80±15.48 as a mean and 27 as a median value. The severity of vitiligo (assessed by VASI score) ranged from 0.09 to 100% with a mean of 24.99±38.16 and 4 as a median ([Table 2](#t2){ref-type="table"}). Our control group included 15 age- (range 7.0-65.0 years and a mean of 36.20±18.19 years) and gender- (5 males and 10 females) matched healthy volunteers ([Table 1](#t1){ref-type="table"}).

###### 

Personal data of vitiligo patients and controls

  Items              Studied groups   Test of significance   p- value                       
  ------------------ ---------------- ---------------------- ---------- ------- ----------- ------
  **Age (years):**   40.58±18.04      36.20±18.19            t =0.82    0.41                
  Median             48.0             32.0                   NS                             
  Range              5.0-70.0         7.0-65.0                                              
  **Sex:**           No               \%                     No         \%      χ^2^=0.21   0.64
  Male               20               40.0%                  5          33.3%   NS          
  Female             30               60.0%                  10         66.7%               

t= Student t- test χ^2^= Chi square test SD = Standard Deviation; NS= non-significant (P-value \> 0.05), S = significant (P-value ≤ 0.05)

###### 

Clinical data of vitiligo patients

  Items                                            Vitiligo patients (n=50)
  ------------------------------------------------ --------------------------
  **Age of onset of vitiligo (years):**             
  Mean±SD                                          28.80±15.48
  Median                                           27.0
  Range                                            4.0-59.0
  **Duration of illness with vitiligo (years):**    
  Mean±SD                                          12.30±10.88
  Median                                           10.0
  Range                                            (1 month-40year)
  **VASI score of patients with vitiligo:**         
  Mean±SD                                          24.99±38.16
  Median                                           4.0
  Range                                            0.09-100.0
  **Family history of vitiligo:**                  No (%)
  Positive                                         12 (24%)
  Negative                                         38 (76%)
  **Type of vitiligo:**                             
  Generalized                                      41 (82%)
  Localized                                        9 (18%)

**MIF (serum and mRNA) levels:**

Serum MIF concentrations were significantly highly elevated in patients with vitiligo vulgaris (32.96±21.45ng/mL) compared to controls (8.36 ±2.0ng/mL), (P \< 0.001) ([Graph 2](#f2){ref-type="fig"}). In addition, MIF mRNA levels showed also highly significant increase in vitiligo cases (6.74±3.88ng/mL) than in the control group (1.88 ±0.66ng/mL), (P \< 0.001) ([Graph 2](#f2){ref-type="fig"}). Moreover, statistically significant positive correlation was recorded between the estimated MIF serum and MIF mRNA levels (r=0.48, p ≤0.001) ([Graph 3](#f3){ref-type="fig"}).

Graph 2Comparison of MIF serum and MIF mRNA levels (ng/mL) between studied groups (p\<0.001)

Graph 3Correlation between MIF mRNA levels (ng/mL) and MIF serum levels (ng/mL) in vitiligo cases (r=0.48, P ≤0.001)

**Relationship between MIF serum and MIF mRNA levels with demographic and clinical criteria among vitiligo cases:**

Our result revealed statistically significant correlation between both MIF serum and MIF mRNA expression levels in the studied vitiligo cases with both duration of the disease (r = 0.65, P ≤0.001 and r = 0.50, P ≤0.001, respectively) and its severity (r =0.83, P ≤0.001 for both) ([Table 3](#t3){ref-type="table"}).

###### 

Relationship between MIF serum and MIF mRNA levels with personal and clinical data of vitiligo patients (n=50)

  Items                  No.    MIF serum levels (ng/mL) Mean±SD   p- value                                   MIF mRNA levels (ng/mL) Mean±SD   p- value
  ---------------------- ------ ---------------------------------- ------------------------------------------ --------------------------------- ------------------------------------------
  **Gender :**                                                                                                                                  
  Male                   20     33.86 ±22.60                       0.87[\*](#TFN3){ref-type="table-fn"}       7.72 ±4.18                        0.10[\*](#TFN3){ref-type="table-fn"}
  Female                 30     32.36 ±21.02                                                                  6.10 ±3.54                        
  **Family:**                                                                                                                                   
  Positive               12     34.71±22.03                        0.56[\*](#TFN3){ref-type="table-fn"}       7.40±3.88                         0.40[\*](#TFN3){ref-type="table-fn"}
  Negative               38     32.40 ±21.54                                                                  6.54 ±3.87                        
  **Type**                                                                                                                                      
  Generalized            41     36.43±21.95                        0.01[\*](#TFN3){ref-type="table-fn"}       7.45±3.88                         0.001[\*](#TFN3){ref-type="table-fn"}
  Localized              9      17.13 ±8.16                                                                   3.53 ±1.20                        
  **Age (years)**        50     r                                  0.18[\*\*](#TFN2){ref-type="table-fn"}     r                                 0.56[\*\*](#TFN2){ref-type="table-fn"}
  0.19                   0.08                                                                                                                   
  **Duration (years)**   50     0.65                               ≤0.001[\*\*](#TFN2){ref-type="table-fn"}   0.50                              ≤0.001[\*\*](#TFN2){ref-type="table-fn"}
  VASI score             50     0.83                               ≤0.001[\*\*](#TFN2){ref-type="table-fn"}   0.83                              ≤0.001[\*\*](#TFN2){ref-type="table-fn"}

Sperman correlation

Mann Whitney U test

The evaluated mean value of serum MIF in cases with generalized vitiligo was (36.43±21.95) and in localized vitiligo cases was (17.13 ±8.16) and this difference was considered statistically significant (P=0.01). Also, there was highly significant increase in MIF mRNA levels in patients with generalized (7.45±3.88) than in those with localized vitiligo (3.53 ±1.20) (P= 0.001) ([Table 3](#t3){ref-type="table"}).

Meanwhile, both serum MIF levels and MIF mRNA concentrations are significantly increased in vitiligo cases, as well as positively correlated with vitiligo type, duration and severity. These data suggested that MIF had dynamic changes during different disease status.

However, the correlation between both MIF serum and MIF mRNA values in the studied vitiligo cases with other studied demographic and clinical data could not reach the level of significance.

DISCUSSION
==========

In the field of dermatology, MIF- a known pro-inflammatory cytokine with a pleiotropic spectrum of biologic function- is believed to be a detrimental factor in many inflammatory dermatological diseases e.g. allergic and irritant contact dermatitis, atopic dermatitis, psoriasis, alopecia areata, pemphigus vulgaris, bullous pemphigoid, photoaging and tumorigenesis.^[@r11]^ The suggested role of MIF in vitiligo development is based only on two studies and its exact effect is not fully certain.

In the current study, we reported that in most patients with vitiligo vulgaris, MIF serum concentrations were significantly highly elevated than in control subjects, in agreement with that of Serarslan et al.^[@r12]^ and Ma et al.^[@r10]^ Within the vitiligo group, this elevated MIF serum level showed significantly positive correlation with the assessed VASI score, denoting that severe form of vitiligo is associated with high values of serum MIF. Also, estimated MIF serum levels were significantly higher in generalized than in localized vitiligo, and in long standing cases than in those of short duration of the disease.

The reported significantly positive correlations between serum MIF levels and both type and severity of vitiligo confirm the result revealed by Ma et al.^[@r10]^ Although Serarslan et al. agree with us regarding correlations between serum MIF levels and disease duration and type of vitiligo, they reported no association between severity of vitiligo and serum MIF levels.^[@r12]^ Some differences do exist in the measurement of vitiligo lesions by different evaluators and, compared with BSA scores, VASI scores include both lesional skin and the degree of depigmentation, which may be the reason for the difference between our results and those reported by Serarslan *et al*.^[@r12]^

In the same context, current results revealed significantly highly elevated MIF mRNA concentrations in vitiligo patients compared to volunteers, as proved, by Ma *et al.*^[@r10]^ In line with the study of Ma et al., we also reported significant high values of MIF mRNA in generalized than in localized vitiligo, and significant positive correlation between evaluated MIF mRNA and VASI score in our cases. However, the significant positive correlation between estimated MIF mRNA levels and the duration of vitiligo in our study was not reported till now. Moreover, we are the first that describe a significant correlation between both MIF serum and MIF mRNA concentrations in cases of vitiligo, that may reflect the source of serum MIF in vitiligo patients.

One particular hallmark of MIF is its ability to override immunosuppressive effects of glucocorticoids, thereby promoting and aggravating local and systemic inflammatory responses mediated by macrophages and monocytes.^[@r13],[@r14]^ Furthermore, MIF up-regulates inflammatory responses by inducing the expression of other proinflammatory mediators, such as TNF-α, nitric oxide, and prostaglandin E2, and by enhancing chemotaxis and macrophage infiltration.^[@r14]-[@r17]^

In vitiligo, macrophages are involved in clearing melanocytes. Macrophage infiltration has been demonstrated in vitiligo lesions and increased macrophage numbers are also observed in perilesional skin.^[@r18],[@r19]^ MIF can inhibit the random migration of macrophages, concentrate macrophages at inflammation loci and exert a variety of biological functions such as macrophage activation, enhancement of adherence, phagocytosis, and tumoricidal activity. In turn, macrophages are an important source of MIF. Thus, to some extent, it is possible that the MIF and macrophage loop may contribute to the pathogenesis of vitiligo.^[@r10]^

In addition, MIF is associated with the generation of cell-mediated immune responses. Accordingly, MIF has been shown to induce up-regulation of many cytokines, including IL-1β, IL-8, IFN-γ, TNF-α and IL-6.^[@r20]^ TNF-α and IL-6 are two inflammatory cytokines with an inhibitory effect on pigmentation. The expressions of TNF-α and IL-6 mRNA levels were increased in the epidermis from vitiligo biopsies.^[@r21]^ Moreover, IL-6 has been shown to play an important role in melanocytic cytotoxicity, and increased serum IL-6 levels were also detected in vitiligo vulgaris patients.^[@r22]^ Therefore, as a pivotal immunomodulator in the cytokine network, MIF may induce the local inflammatory and immunological responses of depigmentation associated with vitiligo vulgaris in cooperation with other cytokines.

Recently, MIF, a proinflammatory cytokine and counter-regulator of glucocorticoids, is a potential therapeutic target. Anti-MIF antibodies alleviated disease severity in mouse models of acute and chronic enterocolitis and improved, in synergy with glucocorticoids, renal function in a rat model of crescentic glomerulonephritis. The authors concluded that MIF may be a relevant target for anti-inflammatory therapy.^[@r23]^

CONCLUSION
==========

Based on the above results and discussion, it could be concluded that MIF may have an active role in vitiligo development and participate in its pathogenesis, and may act as an index of disease severity. Moreover, from this piece of work, MIF may be a novel candidate that represents, in our opinion, a future therapeutic target in the pathogenesis of vitiligo.

Finally, we recommend:

1.  More studies on a large scale of vitiligo patients to confirm our results.

2.  Further in-depth researches to investigate the precise mechanisms by which MIF contribute to the pathogenesis of vitiligo.

3.  Elegant studies for evaluation of the possible use of anti-MIF antibodies as therapeutic agents in vitiligo treatment program.
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